This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



APPLICATION FOR UNITED STATES LETTERS PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

(Case No. 03-776-D) 



Inventor: 



Elizabeth S. Light 



23612 Rolling Fork Way 
Gaithersburg, Maryland 20882 

Citizen of the United States of America 



Gerard J. Nuovo 
2430 East Powell Road 
Lewis Center, Ohio 43035 

Citizen of the United States of America 



A Corporation of the State of Delaware 



Assignee: 



Ventana Medical Systems, Inc. 



Title: 



Detection of Human Papilloma Virus in 
Papanicolaou (Pap) Smears 



DETECTION OF HUMAN PAPILLOMA VIRUS 
IN PAPANICOLAOU (PAP) SMEARS 



10 



15 



This application is a continuation-in-part of U.S. Application No. 09/582,492, 
filed October 26, 1999; which claims the benefit of priority of International Application 
No. PCT/US99/25109, filed October 26, 1999, which was published under PCT Article 
21(2) in English; which claims the benefit of priority of U.S. Provisional Application No. 
60/105,657, filed October 26, 1998; the disclosure of each of which is explicitly 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to methods and reagents to detect viral DNA in 
atypical Pap smears indicative of predisposition for cancer. 



2. Background of the Invention 

Human papilloma virus (HPV) is one of the most common sexually transmitted 
viral diseases, being manifested in over one million people per year in the United States, 
and the primary etiologic agent for cervical cancer in women worldwide. There are more 

20 than 100 distinct types of HPV, of which approximately 50 are found in the lower genital 
tract. Of the HPV types found in genital lesions, about 15-20 have been implicated in 
cervical precancers and cancers. The HPV viral types associated with cervical cancer can 
be ranked as high-risk, intermediate-risk, or low-risk, according to the tendency of 
infected individuals to progress to cancer. Common high-risk types include: 16, 18, 39, 

25 45, and 56; intermediate-risk types include: 31, 33, 35, 51, 52, and 58; and low-risk types 

include: 6, 1 1, 42, 43, and 44. 

HPV is a DNA virus having a genome of about 7900 base pairs in length that 
contains seven open reading frames that encode five proteins that are expressed early in 
infection and two that are expressed late in infection. Proteins E6 and E7 are linked to 

30 the induction of transformation of benign cells in vitro and in vivo. While the exact 
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mechanism has not yet been established, one of the proteins from high-risk strains 
appears to inactivate the human tumor suppressor gene p53. 

Traditionally, the Papanicolaou (Pap) smear assay has been used to screen 
individuals for HPV-associated cervical lesions, with Pap smears being performed on 
5 women annually to check for the presence of atypical or cancerous cells. Roughly 90% 

of all smears are normal, 3% are unequivocally dysplastic including LSIL (low-grade 
squamous intraepithelial lesion), and 7% are squamous atypias (ASC-US; atypical cells 
of uncertain significance). Patients with a diagnosis of dysplasia are brought back to 
their doctor's office for biopsy and further procedures. The ASC-US and LSIL diagnoses 

10 present the doctor and patient with multiple choices for treatment. If these patients could 
be tested for the presence of low-risk and high-risk HPV types, such information would 
greatly aid in determining an optimal course of treatment. For example, the presence of a 
low-risk HPV type could indicate that no further action - except perhaps for more 
frequent Pap smears - was required. On the other hand, the presence of a high-risk HPV 

15 type could indicate the need for a more aggressive approach, including a cone biopsy, 

loop electrode excision procedure (LEEP), or ablative therapy (laser surgery or 
cryotherapy). 

An alternative to standard Pap smears is the ThinPrep Pap test (Cytyc Corp.). A 
standard Pap smear involves sampling the uterine cervix with a spatula or cytobrush and 

20 smearing the cells directly onto a glass slide. The ThinPrep® Pap test involves 

suspending the sample in a buffered fixative solution which provides better sample 
recovery, fewer artifacts, multiple slides from one sample, less cell crowding, overlap, 
and better cellular morphology. In a ThinPrep® Pap test sample, the sampling device is 
rinsed into a buffered preservative solution and this solution is used to make slides. By 

25 suspending the sample in preservative solution and using the ThinPrep® machine to make 

the slides, the resulting slide is a thin-layer preparation that is clearer of blood, 
inflammatory cells, mucus, and other obscuring artifacts than a standard Pap smear. The 
FDA has found the ThinPrep® Pap test to be preferable to the standard Pap smear for the 
detection of LSIL and more severe lesions. Another advantage of the ThinPrep® Pap test 

30 is that the entire sample is not used to make a single slide, and therefore, preserved cells 
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from the unused portion of the sample can be used to make additional slides for the 

purpose of performing HPV testing. 

Both of the standard methods for detecting cervical cancer (i.e., the Pap smear and 

ThinPrep® Pap test) can be used to detect atypical or cancerous cells, but not HPV 
5 infection. Pap smears are classified as: normal; ASC-US (atypical cells of uncertain 

significance); LSIL (low-grade squamous intraepithelial lesion); or HSIL (high-grade 

squamous intraepithelial lesion). Currently, about 4.4 million Pap smears are classified 

as ASC-US and 2.5 million Pap smears are classified as LSIL, annually. This indicates 

that 6.9 million or 7-8% of all Pap smears per year are ambiguous in their results. 
10 Knowledge of the particular HPV type present would aid the patient and clinician in 

determining the level of risk and treatment options. 

Patients with an ambiguous cytology may still have preinvasive or microinvasive 

cancer and HPV DNA typing may aid in differentiating patients. Studies have shown 

that ambiguous cytology and high-risk HPV infection with types 16, 18, and 31 are more 
15 likely to have high grade SIL or microinvasive histopathology on biopsy. Studies have 

also suggested that acute infection with HPV types 16 and 18 confer an 11 to 16.9 fold 

risk of rapid development of cervical intraepithelial neoplasia (CIN). 

Accordingly, a need exists to differentiate the borderline Pap smears and 

ThinPrep® Pap tests based on the HPV type present, if any. Other attempts at preparing 
20 oligonucleotide probes have been reported. See U.S. Patent Nos. 4,820,530; 4,849,311; 

4,849,332; 4,849,334; 4,908,306; 4,983,728; 5,057,411; 5,411,847; 5,484,699; 5,501,947; 

5,527,898; 5,554,538; and 5,679,509; European Patent No. 0 477 972 Bl; and Cole et al 9 

1987, J, Mol Biol 193:599-608. Applicants are also aware of U.S. Patent No. 5,538,871. 

However, each oligonucleotide probe appears to be specific to only one HPV type and, 
25 therefore, numerous probes would be needed to form a complete set capable of detecting 

all high-risk HPV types. 

All patents and references cited herein are explicitly incorporated by reference in 

their entirety. 
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SUMMARY OF THE INVENTION 

In one aspect, the invention relates to a method for detecting HPV infection by 
high-risk or low-risk HPV types in individual cells by in situ hybridization. 

In a related aspect, the invention relates to a reagent comprising a plurality of full- 
5 length genomic probes to certain high-risk HPV types or a second reagent comprising a 

plurality of full-length genomic probes to certain low-risk HPV types. 

In a related aspect, the invention relates to exploiting the cross-reactivity of the 
probes according to the present invention to determine whether an HPV infected cell has 
any HPV type that is associated with malignancy, and not only those HPV types 
1 0 completely complementary to the probes. 

In another aspect, the invention relates to methods for correlating HPV type 
detection with conventional cytology characterization as a second factor to determine 
whether the cells are normal or abnormal. 

The present invention achieves these results by using a set of six essentially full- 
15 length genomic probes in certain proportions, which under low stringency cross-react 

with all thirteen currently known high-risk HPV types and none of the low-risk HPV 
types. 

The probes are labeled so that the labeling system may be visualized using 
conventional light microscopy, which can also separately or simultaneously determine 
20 cell morphology as a measure of potential neoplasia. Alternatively, one may use a 
fluorescent labeling system and fluorescence microscopy to detect the results. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A-1B show the results of INFORM®HPV high-risk in situ hybridization 
25 analysis using (A) a fluorescein-labeled probe and Amplifier A&B, and (B) a DNP- 

labeled probe with Amplifier A; 

Figures 2A-2B show the results of in situ hybridization HPV analysis using a human 
placental DNA blocker to reduce probe non-specific binding; 

30 
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Figures 3A-3B show the results of in situ hybridization HPV analysis of a ThinPrep Pap 
smear using the INFORM® high-risk assay; 

Figure 4 shows the results of a comparison of the in situ hybridization HPV and Hybrid 
5 Capture® II HPV assays in patients younger than 30 years of age (< 30) and in patients 

older than 30 years of age (> 30). 

DETAILED DESCRIPTION OF THE INVENTION 

The protocol of the present invention was developed on Pap smears and 

10 ThinPrep® samples. This system may also be applied to tissue sections. The samples 
may be previously stained or embedded in paraffin provided that they are destained or 
deparaffinized before use. Deparaffination may be performed using heat and detergent or 
solvent {e.g., xylene). 

The probes being used are essentially full-length genomic HPV probes specific 

15 for HPV types 16, 18, 31, 33, 35, and 51. The full-length probes of the present invention 

have essentially the same sequence as given in GenBank® Accession Nos. K02718 (type 
16); X05015 (type 18); J04353 (type 31); M62877 (type 51); M12732 and A12360 (type 
33); and M741 17 (type 35). While some sequence variations and shortening of the probe 
length are permitted, these are still considered full-length and are not similar to 

20 oligonucleotide probes used in the prior art. 

These probes range from roughly 6000 to 8000 base pairs each and are mixed 
together forming a reagent that is a hybridization cocktail for use with a low stringency 
hybridization solution under low stringency hybridization conditions, and with a lower 
stringency post-wash solution under lower stringency post-wash conditions. This permits 

25 one to detect the thirteen known high-risk HPV types. The probe cocktail was tested on 

samples of known HPV types to ensure that it was capable of detecting all high-risk types 
with no cross hybridization to the low-risk types. The results of these experiments, which 
are provided herein, show a very good signal and low to no background. 

The probes are labeled with digoxigenin, fluorescein, or dinitrophenol (DNP) by 

30 nick translation; however, a very wide variety of other labeling techniques may be used. 
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Examples include, incorporation during PCR and random priming. The probes need not 
be labeled at all if one uses an anti-duplex or anti-thymidine dimers antibody. 

The in situ hybridization and detection according to the present invention has 
several advantages over other methods. First, since the present invention is an in situ 
5 hybridization, the cytology of the individual cell can be correlated with HPV positive or 

negative results. Second, since amplification of DNA by PCR, hybrid capture, or other 
amplification techniques is not needed, the system is less subject to contamination or 
background yielding false positive or negative results. Third, the processed slides can be 
stored for years for later reference or confirmation. Fourth, since the reaction is 

10 performed on currently used patient sampling methods, no changes need to be instituted 
at the clinician level. A corollary to this advantage is that the reaction can be performed 
on destained Pap smears, so the patient does not need to return to the clinician's office for 
a second sampling in the event of an ambiguous Pap smear cytology. Fifth, the 
manipulation of the current probe set allows detection of currently classified and 

15 unclassified high-risk HPV types. Alternatively, if a ThinPrep® tube sampling was 

performed, the same cell suspension can be used to create a slide for the in situ reaction. 
This allows the extra advantage that the system does not need reformulation to include 
newly identified HPV types. Sixth, one can differentiate between a few highly positive 
cells and many weakly positive ones to differentiate between a clinically important or 

20 subclinical infection, though ASC-US may be clinically important for reasons other than 

HPV. 

The sample slide is processed through a series of steps to allow target DNA on the 
sample to hybridize to the probe without losing the morphology of the cell (see method of 
International Publication No. WO 94/09022 and U.S. Patent Application No. 08/272,315, 

25 filed July 22, 1994). This includes a Proteinase K digestion and subsequent wash and 

dehydration steps. The digoxigenin labeled probe and the target DNA are co-denatured 
for 5 minutes at 95°C on a hot plate and then hybridization is allowed to proceed for three 
hours to overnight at 37°C. Following a post-hybridization wash, the slide is incubated 
with horseradish peroxidase (HRP) conjugated anti-digoxigenin antibody for 30 minutes 

30 at 37°C. The detection scheme utilizes the TrueBlue peroxidase substrate (KP Labs, 
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Gaithersburg, MD). Alternatively, an anti-digoxigenin antibody labeled with alkaline 
phosphatase with NBT/BCIP as chromogen was also used. 

A thirty-minute incubation of the TrueBlue substrate with the HRP detected probe 
produces a dark blue precipitate at the hybridization site. The cells were then 
5 counterstained with eosin, a pink cytoplasmic stain that contrasts well with the TrueBlue 

reaction product. The results are visualized using brightfield microscopy and can either 
be imaged or photographed. The slides can be stored indefinitely without losing signal. 
Elapsed time to set up the slide for hybridization is roughly 35 minutes and the post- 
hybridization elapsed time before the slide can be visualized is about 65 minutes. 

10 Alternatively, the entire reaction or any part or parts thereof can be run on an 

instrument such as the Ventana Discovery®. The system can be programmed to perform 
all the processing steps including deparaffinization, protease digestion, denaturation, 
hybridization, post-hybridization washing, and any and all antibody or detection steps, up 
to and including the colorimetric reaction and counterstaining along with all necessary 

15 wash and dehydration steps. This has many obvious advantages, including but not 
limited to increased reproducibility, minimal hands-on time required to run the usually 
labor-intensive in situ protocol, control of timed steps, and control of reagents. 

Alternatively, one may use an automated protease digestion and subsequent wash 
steps. The probe and target DNA are co-denatured for 5 minutes at 90°C on a hot plate 

20 and then hybridization is allowed to proceed for one hour to overnight at 37°C. 

Following a post-hybridization wash, the slide is incubated with alkaline phosphatase 
conjugated anti-digoxigenin antibody for 30 minutes at 37°C. The detection scheme 
utilizes an alkaline phosphatase substrate NBT/BCIP (Ventana Blue, Gaithersburg, MD). 
Alternatively, anti-fluorescein antibody labeled or subsequently conjugated with 

25 horseradish peroxidase with TMB as chromogen or alkaline phosphatase with NBT/BCIP 
as chromogen may also be used. 

A thirty-minute incubation of the Ventana Blue substrate with the alkaline 
phosphatase detected probe produces a blue/black precipitate at the hybridization site. 
The cells were then counterstained with eosin, a pink cytoplasmic stain that contrasts well 

30 with the NBT/BCIP reaction product. The results are visualized using brightfield 
microscopy and can either be imaged or photographed. The slides can be stored 
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indefinitely without losing signal. Elapsed time to set up the slide for hybridization is 
roughly 25 minutes and the post-hybridization elapsed time before the slide can be 
visualized is about 90 minutes. Other detection schemes involving different primary and 
secondary antibodies and detection reactions based on these or other probe labels can be 
5 used with good results. 

Brightfield detection is preferable to fluorescence because more laboratories have 
the necessary equipment, personnel are more familiar with the equipment and observation 
of cell morphology under brightfield detection, the analysis is easily automated and slides 
are readily preserved without signal loss. Other labeling systems, e.g., fluorescence, are 

10 also acceptable. 

The advantages of brightfield detection over fluorescent detection are important in 
this application. These slides could be preserved without signal loss due to fading, 
analysis could be more easily automated, and the morphology of the infected or negative 
cells could be seen by the cytopathologists and cytotechnicians performing the test. 

15 With a positive high-risk HPV in situ result, the clinician may recommend 

another test every six months and may suggest a minor surgical treatment such as LEEP, 
but is most likely to recommend colposcopy, probably with a biopsy. 

The probes and reagents of the present invention are preferably packaged in kit 
form containing the probes mixed together as a single reagent in a container. Other 

20 reagents for sample treatment, hybridization and wash solutions, label detection systems, 
and developing reagents for the label detection systems may also be incorporated in one 
or more other containers. 

The following examples are included for purposes of illustrating certain aspects of 
25 the invention and should not be construed as limiting. 

EXAMPLE 1 
Probe Synthesis and Abilities 

Six separate plasmids were prepared, one for each HPV type, with one plasmid 
30 containing the whole genome of a HPV type and the six types being types 16, 18, 31, 33, 
35, and 51. HPV genomes were cloned into plasmids using standard molecular biology 
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techniques that are within the skill of one of ordinary skill in the art. These plasmids 
were labeled by nick translation with digoxigenin dCTP. The labeled plasmids were then 
mixed together to form a single reagent. Incorporation of the digoxigenin nucleotide into 
the labeled DNA was verified by a dot-blot procedure. 
5 The ability of each probe to cross-react with other high-risk HPV types known to 

be associated with malignancy and not to cross-react with low-risk HPV types not 
associated with malignancy was tested. The data is given below in Table 1 where the 
probes used are listed as rows and the Pap smears have the HPV strain listed in the 
columns. The probe to type 70 was not needed since all high-risk HPV types are covered 

10 by other probes. Thus, it was not actually used in the reagent of the present invention. 

Since some undesired cross-reactivity was noted with probes to HPV type 16 and 
31, the concentration of these two was lowered in the probe reagent to compensate. The 
percentages of each genomic probe in the DNA cocktail are given in Table 2. 

The resulting data was compared against 57 patient samples and resulted in the 

15 data of Table 3 where cross-reacting to the low-risk types was essentially nullified. 

Comparison was made to another commercial HPV probe product. 

As shown above, the present probe cocktail was shown to not give false positives 
with low-risk HPV types unlike the probes of a competitor. Thus, the present invention 
will give a lower false positive reaction. 

20 Furthermore, when both probe sets were applied to normal Pap smears containing 

HPV, the Digene probes indicated a positive reaction whereas the cocktail of the present 
invention did not yield a strong positive reaction. This is an important check as 
occasionally, Pap smears are misread. It is generally thought that ten percent or more of 
the population is infected with HPV but this only poses a risk in the presence of dysplasia 

25 or other morphological abnormality. Again, the present invention yields fewer false 

positives. 

EXAMPLE 2 
Sample Preparation and Pretreatment 

30 Uterine cervix cells were sampled and smeared to form a conventional Pap smear 

or suspended in PreservCyt® (Cytyc Corp.), a buffered fixative and preservative solution. 
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The ThinPrep 2000 (Cytyc Corp.) was used to make two ThinPrep slides for each 
patient. One slide was stained for conventional cytology similar to that of conventional 
Pap smears and the other slide was prepared as below. 

A variety of protease treatments were attempted. The effect of varying the 
5 concentrations of proteinase K and pepsin on the intensity of the in situ hybridization 

signal with an Alu probe on archival, destained Pap smears is given in Table 4. Archived 
Pap smears were deparaffinized by submersion in xylene and washed in ethanol. 
Destaining was accomplished by washing the slides for 20 minutes at room temperature 
in 70% ethanol and 0.1 N HC1. The slides were then washed in tap water for 10 minutes, 

10 rinsed in 100% ethanol for 5 minutes, and air-dried. All samples were digested for 20 
minutes at 37°C. The post hybridization wash was done at high stringency (60°C, 0.2X 
SSC, and 2% BSA). The following procedure was used on patient samples. 

The Pap smear and the ThinPrep® slide were incubated for 20 minutes at 37°C in 
a solution of 10 micrograms per milliliter of Proteinase K in 2X SSC. Following the 

15 incubation, the slide was washed for 2 minutes at room temperature in 2X SSC, 

dehydrated in a series of 70%, 80%, and 95% room temperature ethanol solutions for 1 
minute each and air dried. 



EXAMPLE 3 

20 Probe and Target Hybridization 

A probe solution was made consisting of 0.5 nanograms per milliliter of HPV 
types 18, 33, 35, and 51 and 0.2 nanograms per milliliter of HPV types 16 and 31 in 
Hybrisol IX (Ventana) using the probes prepared above. Ten microliters of this probe 
solution was pipetted onto the sample slide and the specimen was covered with a 22 mm 

25 round coverslip and optionally sealed with rubber cement. The slide was placed on a 
prewarmed 95°C hot plate for 5 minutes to denature the probe and target DNA and then 
transferred to a humidified chamber and placed in a 37°C incubator. The slide was 
incubated at 37°C in the humidified chamber for 2 to 16 hours to hybridize. After the 
37°C incubation for hybridization, the rubber cement and coverslip are removed. The 

30 slide is washed and the signal detected. 
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Both high stringency post-hybridization wash conditions (0.2X SSC, 2% BSA, 
60°C, 10 minutes) and low stringency post-hybridization wash conditions (2X SSC, 2% 
BSA, 45°C, 10 minutes) were used on a number of patient samples for which the HPV 
type was determined. The data is given in Table 5 where detection of different HPV 
5 types in cervical biopsies by the high-risk HPV consensus probe as a function of 

stringency of the post-hybridization wash. 

These common HPV types listed comprise about 75% of those types found in 
lower grade cervical SILs (4-6). Each of the rare HPV types is found in from 1-3% of 
low grade cervical SILs (4-6). Note that all of the patient samples with high-risk HPV 
10 types associated with malignancy were detected under low stringency and none of the 
low-risk HPV types not associated with malignancy were detected under low stringency. 

EXAMPLE 4 
Immunochemical Detection 

15 The sample on the slide was then incubated with horseradish peroxidase (HRP) 

labeled anti-digoxigenin antibody (Boehringer Mannheim GMBH). The slide was 
washed three times for two minutes each in IX PBD to remove any unbound or loosely 
bound antibody. The slide was removed from IX PBD and allowed to drain briefly. 
Two hundred microliters of TrueBlue peroxidase substrate was added to the slide and the 

20 reaction proceeds at room temperature for three minutes. The slide is rinsed in distilled 
water and allowed to air dry. 

The slide was dipped in a 1/4X solution of eosin in ethanol to counterstain. The 
slide was rinsed three times in distilled water and allowed to air dry. To mount, the slide 
was dipped in xylenes and a drop of Permount (Fisher) is added. The slide is then 

25 covered with a 22 mm round glass coverslip. 

Cells with high-risk HPV integrated in the cell demonstrate a blue precipitate in 
the nuclei with minimal slide background. The cytoplasm is counterstained pink for 
contrast. Cellular morphology confirms that high-risk HPV types were present in a cell 
that would be classified as abnormal and normal cells lack any positive signal. 

30 Alternatively, alkaline phosphatase labeled anti-digoxigenin antibody may be 

used along with NBT/BCIP detection reagents as is used in the attached manuscript. 
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EXAMPLE 5 

Comparison of Pap Smear Results to HPV Type Testing 

A sizable number of normal, ASC-US, and SIL Pap smears were tested for HPV 
type status. Those detected by the probe reagent of the present invention are indicated as 
positive cases. The detection of HPV DNA using the high-risk consensus probe at low 
stringency conditions as a function of the cytologic diagnosis and, for cases of ASC-US, 
clinical follow up data is given in Table 6. 

The one normal positive was re-screened by two cytotechnolo gists who did not 
know the HPV result and was classified by each as ASC-US. The ASC-US subgrouping 
was statistically significant difference at p=0.05 using the nonparametric two-tailed 
Mann- Whitney test as per InStat, Version 2.0 (GraphPad Software, San Diego, CA). 

EXAMPLE 6 
Testing Cell Lines 

The probes above were tested against three known cell lines to confirm their 
ability to detect HPV with respect to the copy number of viruses in each cell line obtained 
from ATCC. The data is given in Table 7. 

EXAMPLE 7 
Optimization of In Situ Hybridization HPV Assay 
The in situ hybridization HPV assay described herein was optimized by 
modifying the concentration of probes, adding a signal booster to the reaction mixture, 
and varying the DNA blocker to be used. Optimal results were obtained using a probe 
cocktail comprising six high-risk genotypes: 16, 31, 18, 33, 35, and 51, at a ratio of 
0.4:0.4: 1:1:1:1, and two low-risk genotypes: 6 and 1 1 , at a ratio of 1 : 1 , Amp B as a signal 
booster, and a human placental DNA blocker. Suitable signal boosters for the in situ 
hybridization HPV assay described herein include Amp A, a rabbit anti-mouse secondary 
antibody (Ventana Medical Systems, Inc. catalog #253-2122) and Amp B, a mouse anti- 
rabbit secondary antibody (Ventana Medical Systems, Inc. catalog #253-2123). The 
results of INFORM®HPV high-risk in situ hybridization analysis using a fluorescein- 
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labeled probe and Amplifier A&B are shown in Figure 1A. The results of 
INFORM®HPV high-risk in situ hybridization analysis using a DNP-labeled probe with 
Amplifier A are shown in Figure IB. Figures 2A-2B indicate that a human placental 
DNA blocker can be used to reduce probe non-specific binding in the in situ 
5 hybridization assay described herein. 

EXAMPLE 8 

Comparison of In Situ Hybridization HPV and Hybrid Capture® II HPV Assays 
The efficacy of in situ hybridization (ISH) HPV and Hybrid Capture® (HC) HPV 

10 assays was compared by evaluating patients that received an initial cytologic diagnosis of 
either atypical squamous cells of undetermined significance (ASC-US) or low-grade 
squamous intraepithelial lesions (LSIL) in ThinPrep® Pap assays (Cytyc, Boxborough, 
MA). All women having ThinPrep® Pap assays performed at the Bayonne Medical 
Center (Bayonne, NJ) between December 2001 and July 2002 were included in the study. 

15 The cohort of 10,861 women consisted of women aged 17-67 years, with an average age 
of 36.4 years. Seven hundred sixty-two cases diagnosed as either ASC-US or LSIL on 
initial cytological screening were examined for HPV determination using the Hybrid 
Capture® II HPV assay (HCII HPV) (Digene Diagnostics, Inc., Gaithersburg, MD). 
These cases were then blinded, and the remainder of the sample was examined by ISH 

20 HPV using the DSfFORM®HPV assay (Ventana Medical Systems, Tucson, AZ). Follow- 
up colposcopic biopsies were received and evaluated on 192 ASC-US and 58 LSIL 
patients. 

HCII HPV testing, which was performed according to the manufacturer's 
instructions, provided a positive result based on a relative light unit (RLU)/cutoff value 
25 ratio of >1.0 with either the high-risk or low-risk probe cocktail. The high-risk cocktail 
includes eleven full-length RNA probes that recognize thirteen oncogenic HPV types (16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68), and the low-risk cocktail includes five 
probes that recognize the HPV types 6, 1 1, 42, 43, and 44. 

INFORM®HPV testing was performed according to the manufacturer's 
30 instructions using the BenchMark® Automated Slide Staining System (Ventana Medical 
Systems, Tucson, AZ). The CaSki cell line, which is positive for oncogenic HPV, and 
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known positive nononcogenic pooled patient specimens were used as controls for each 
staining run. The probe cocktails demonstrate positive hybridization to thirteen high-risk 
genotypes (16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59, 68, and 70) and five low-risk 
genotypes (6, 1 1, 40, 42, 43, and 44). 
5 All cases were coded prior to performing INFORM®HPV testing. During the 

evaluation of ISH slides, no information regarding the patient, Pap assay, HCII HPV 
assay, or biopsy result was provided to the investigators. ISH slides were initially 
screened by licensed cytotechnologists at the Bayonne Medical Center, who marked 
slides for subsequent examination by at least two of four investigating pathologists. 

10 Pathologists scored the marked slides for probe reactivity, background, cellular integrity, 
and cellular adequacy. 

In ISH HPV testing, any cells showing a nuclear-specific signal were scored as 
positive. Two patterns of nuclear staining were observed: (a) a light blue nuclear signal 
displaying a punctate pattern ranging from single to multiple stipplings (Figure 3A), 

15 which represents HPV DNA integrated into the host DNA, and (b) a generally diffuse 

and intense nuclear staining pattern (Figure 3B), which representing HPV DNA in a non- 
integrated, episomal form. Slides with adequate cellularity and integrity were interpreted 
as either positive or negative, based on the staining pattern. Slides with positive staining 
of abnormal cells, regardless of the cellular adequacy or integrity, were interpreted as 

20 positive. Slides for four of 254 cases were inteipreted as negative, but were removed 
from the study as falling below the acceptable level for cellular adequacy and integrity, 
leaving a total of 250 patients. In all but two of these 250 cases, investigating 
pathologists reached consensus as to a diagnosis. In the two discordant cases (two 
pathologists reported the samples as indeterminate and two reported them as negative), 

25 the slides were scored as negative following subsequent review and discussion by the 
pathologists. 

All cases with a histologic diagnosis of squamous atypia or cervical intraepithelial 
neoplasia (CIN I, II, or III) were reexamined by all four pathologists, who were blinded 
to all other results at the time of biopsy evaluation. Pathologists examined at least three 
30 tissue levels for each specimen. The World Health Organization (WHO) classification 
was used to classify cases into different grades of CIN. 
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HPV DNA results were independently evaluated and compared to the histologic 
diagnoses of the cervical biopsy for their ability to accurately predict the presence or 
absence of CIN. The diagnostic accuracy was evaluated against histologic diagnosis by 
use of common metrics: sensitivity (the proportion of patients identified as positive who 
5 are truly positive - the true positive rate), specificity (the proportion of patients identified 
as negative who are truly negative - the true negative rate), positive predictive value 
(PPV; the proportion of patients who become positive among those predicted to be 
positive), and negative predictive value (NPV; the proportion of patients who become 
negative among those predicted to be negative). 

10 Table 8 indicates that the ISH HPV and HCII HPV assays yielded significantly 

different results in both the ASC-US and LSIL patient cohorts as to the accuracy of 
predicting biopsy outcomes. While the positive predictive value (PPV) and negative 
predictive value (NPV) of the ISH HPV assay was 48% and 99%, respectively, the PPV 
and NPV of the HCII HPV assay was only 19% and 95%, respectively. The ISH HPV 

15 assay scored significantly better with regard to specificity and PPV (P < 0.0001). In 

addition, the false-positive rate for the ISH HPV assay (12%) was significantly lower 
than the false-positive rate for the HCII HPV assay (39%), and the false-negative rate for 
the ISH HPV assay (0.4%) was also lower than false-negative rate for the HCII HPV 
assay (1.6%). 

20 The overall concordance between the two assays was 65% (163/250). In the 87 

discordant cases, the ISH HPV assay yielded a positive result in eleven cases in which the 
HCII HPV assay yielded a negative result, and the HCII HPV assay yielded a positive 
result in 76 cases in which the ISH HPV assay yielded a negative result. While six of the 
eleven ISH HPVVHCII HPV" cases were confirmed to be positive by biopsy, only one 

25 case of the 76 HCII HPV + /ISH HPV" were identified as positive by biopsy. 

Table 9 shows that the ISH HPV assay also outperformed the HCII HPV assay 
with regard to sensitivity, specificity, PPV, and NPV when the cases were sorted by 
initial cytologic diagnosis (i.e., ASC-US or LSIL). For the 192 patients diagnosed as 
ASC-US, the ISH HPV assay produced better results with regard to sensitivity (91% vs. 

30 64%), specificity (91% vs. 62%), PPV (37% vs. 9%), and NPV (99% vs. 97%), and had a 
lower false-positive rate (8.8% vs. 35.9%) and slightly lower false-negative rate (0.5% 
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vs. 2.1%) than the HCII HPV assay. Similarly, for the 58 patients diagnosed as LSIL, the 
ISH HPV assay produced better results with regard to sensitivity (100% vs. 89%), 
specificity (68% vs. 28%), PPV (58% vs. 36%), and NPV (100% vs. 85%), and had a 
lower false-positive rate (22% vs. 50%) and lower false-negative rate (0.0% vs. 3.4%) 
5 than the HCII HPV assay. 

Figure 4 shows that the ISH HPV assay also outperformed the HCII HPV assay 
with regard to sensitivity, specificity, PPV, and NPV when the cases were sorted by age 
(i.e., women younger and older than 30 years of age). For both the 72 patients that were 
younger than age 30 and the 178 patients older than age 30, the ISH HPV assay produced 
10 better results with regard to sensitivity, specificity, PPV, and NPV than the HCII HPV 
assay. 

Table 10 shows the results of the ISH HPV and HCII HPV assays in terms of 
high-risk and low-risk reactivity as correlated with biopsy outcome data. This analysis 
demonstrates that when only high-risk viral types are used, positive cases may be missed. 
15 However, no low-risk* and CIN II/CIN III* were identified using either assay, and only 
one case was identified that is both high-risk + and low-risk + positive using the HCII HPV 
assay. 

The results of this comparison indicate that the ISH HPV assay shows increased 
sensitivity over HCII HPV along with the ability to correlate DNA results with cellular 

20 and nuclear morphology (Figures 3A-3B). Moreover, the ISH HPV assay does not 
appear to sacrifice specificity for sensitivity. It is clear that the ISH HPV assay is at least 
equivalent, if not superior, to the HCII HPV assay with regard to NPV, without 
sacrificing PPV or specificity (Table 9). In addition, the ISH HPV assay was almost 
three times more accurate than the HCII HPV assay in predicting colposcopic outcome 

25 (Table 9). The HCII HPV assay, in addition to demonstrating lower specificity, 

sensitivity, PPV, and NPV than the ISH HPV assay, also poorly identified women under 
age 30 with positive histologic findings (Figure 4). Furthermore, there appears to be 
value in evaluating patients for both high-risk and low-risk viral types, as shown in Table 
10, as this combined approach increases the sensitivity of both assays. In summary, these 

30 results indicate that the ISH HPV assay is a more accurate diagnostic test than the HC 
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HPV assay for predicting histologically demonstrable cervical lesions in women 
diagnosed with ASC-US and LSIL cytology. 

It will be understood that various modifications may be made to the embodiments 
5 disclosed herein. Therefore, the above description should not be construed as limiting, 

but merely as exemplifications of preferred embodiments. Those skilled in the art will 
envision other modifications within the scope and spirit of the claims appended hereto. 
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Table 2 



HPV 16 


HPV 18 


HPV 31 


HPV 33 


HPV 35 


HPV 51 


8.3% 


20.8% 


8.3% 


20.8% 


20.8% 


20.8% 



Table 3 







Present Probe 


HPV type 


Digene Probe 


Cocktail 


2 


3+ 


0 


6/11 


1+ 


0 


6/11 


1+ 


0 


6/11 


2+ 


0 


6/11 


3+ 


0 


6/11 


3+ 


1+ 


6/11 


3+ 


0 


6/11 


3+ 


0 


6/11 


3+ 


0 


6/11 


3+ 


0 


6/11 


1+ 


0 


6/11 


1+ 


0 


42 


2+ 


0 


43 


2+ 


0 


44 


2+ 


0 


16 


1+ 


1+ 


16 


1+ 


1+ 


16 


2+ 


2+ 


16 


Weak 


1+ 


16 


3+ 


3+ 


16 


3+ 


3+ 


18 


3+ 


3+ 


31 


2+ 


2+ 


31 


3+ 


3+ 


31 


3+ 


3+ 


33 


3+ 


3+ 


33 


2+ 


2+ 


25 


3+ 


3+ 


35 


1+ 




51 


3+ 


3+ 


30 


3+ 


3+ 


30 


3+ 


3+ 
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30 


3 


3+ 


39 


2 


1+ 


39 


2 


2+ 


39 


1 


Weak 


39 


3 


3+ 


39 


3 


3+ 


39 


1 


1+ 


45 


3 


3+ 


45 


3 


3+ 


52 


3 


3+ 


52 


3 


3+ 


52 


2 


2+ 


56 


3 


3+ 


56 


1 


1+ 


56 


3 


2+ 


56 


3 


1+ 


58 


2 


1+ 


59 


2+ 


2+ 


68 


1+ 


1+ 


70 


3+ 


3+ 


70 


2+ 


2+ 


70 


1+ 


1+ 


still novel 


2+ 


2+ 


still novel 


1+ 


1+ 


still novel 


1+ 


1+ 



Table 4 



Protease Concentration (jag/mL) 





0 


1 


10 


25 


50 


100 


200 


2,000 




in water 


+/- 


1+ 


3+ 


3+ 


3+ 


2+ 


1+ 


OD 


Proteinase K 


in IX SSC 


+/- 


3+ 


1+ 


OD 


OD 


OD 


OD 


OD 




in water 


+/- 


1+ 


2+ 


2+ 


3+ 


3+ 


2+ 


OD 


Pepsin 


in 0.1 NHC1 


+/- 


0 


1+ 


1+ 


2+ 


2+ 


3+ 


OD 



Signal intensity was scored by the percentage of positive cells (25% = 1+, 25-50% = 2+, 
>50% = 3+). OD means overdigested, in which cell morphology is poor and no signal is 
evident. 
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Table 5 
HPV DNA Positive 



HPV type 


Low Stringency a 


High Stringency b 




6/11 


0/11 


0/11 


Common 


16/18 


11/11 


11/11 


HPV 


31/33/35 


7/7 


7/7 


Types 


51 


4/4 


4/4 




42/43/44 


0/3 


0/3 




30 


3/3 


1/3 


Rare 


39 


7/7 


2/7 


HPV 


45 


3/3 


3/3 


Types 


52 


3/3 


1/3 




56 


4/4 


1/4 




58/59/68 


3/3 


1/3 




70 


3/3 


3/3 



a Post-hybridization wash of 10 minutes in 2X SSC with 2% BSA at 45°C. 
b Post-hybridization wash of 10 minutes in 0.2X SSC with 2% BSA at 60°C. 



Table 6 



Pap Smear Result 


HPV Positive Cases 


Normal 


1/19 (5%) 


ASC-US (total) 


16/40 (40%) 


SIL 


18/23 (78%) 


ASC-US 


14/21 (67%) 


(biopsy of SIL within 6 months) 




ASC-US 


2/19(10%) 


(biopsy negative for SIL within 6 months) 
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Table 7 



Cell Line 


HPV Type 


Copy Number 


Detected 


SiHa 


16 


1 


V 


HeLa 


18 


20 




CaSki 


16 


600 





Table 8 



HPV Assay Results 


Case No. a 


Positive Biopsy Results b 


HCII HPV + 


121/250 (48%) 


23/121 (19%) 


HCII HPV" 


129/250 (52%) 


6/129 (5%) 


ISH HPV + 


58/250 (23%) 


28/58 (48%) 


ISH HPV" 


192/250 (77%) 


1/192 (0.05%) 


HCII HPV + and ISH HPV" 


76/250 (30%) 


1/76(1.3%) 


ISH HPV + and HCII HPV" 


11/250(4.4%) 


6/11(55%) 


ISH HPV + and HCII HPV + 


47/250(19%) 


23/47 (49%) 


ISH HPV" and HCII HPV" 


116/250(46%) 


0 



a Number of patients that are positive or negative for HPV DNA out of the total cohort. 
b Number of positive biopsy cases as it related to the different result configurations of 
positive and negative HPV DNA. 
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Table 10 



Assay 


High-Risk / Low-Risk 
Reactivity 


Biopsy 


Negative 


cini 


CIN II/III 


ISH HPV 


high-risk - ; low-risk - 


191 


i 


0 


low-risk + 


5 


i 


0 


high-risk + 


19 


24 


3 


high-risk + ; low-risk + 


3 


2 


1 


Total 


218 


28 


4 


HCII HPV 


high-risk - ; low-risk" 


123 


6 


0 


low-risk + 


18 


1 


0 


high-risk + 


52 


13 


1 


high-risk + ; low-risk + 


29 


5 


2 


Total 


222 


25 


3 
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